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Abstract:  
Isokinetic resistance is frequently used to strength profile healthy athletes and to evaluate the 
status of injured athletes involved in rehabilitation programs. The purpose of this investigation 
was to determine the reliability of peak torque, torque acceleration energy, endurance ratio, 
average power, and total work measures obtained with a Cybex isokinetic dynamometer. Fifteen 
college students underwent a test - retest procedure for right and left knee flexion and extension, 
shoulder flexion and extension, and shoulder internal and external rotation. Highest reliability 
coefficients were found for peak torque, torque acceleration energy, average power, and total 
work measures. Lower coefficients were observed for the endurance ratio measure. Higher 
reliability was generally observed for the knee extension/ flexion test procedure than for the 
shoulder tests. 
 
Article: 
Since the use of isokinetic exercise by Hislop and Perrine (5), Moffroid et al. (10), and Thistle et 
al. (15), the procedure has received increasing interest in sports medicine research and clinical 
practice. Its usefulness in research has included examination of the relationship of muscle 
strength to fiber type and metabolic enzyme activity (16), the effects of training and performance 
on muscular strength and endurance (7), the influence of limb speed on torque production (12), 
and the relationship of peak torque to age, sex, performance, and body weight (9, 13). In the 
clinical setting, isokinetic exercise is used to evaluate the effectiveness of physical rehabilitation 
and to provide progressive resistance exercise therapy (3, 4). 
 
Most clinicians assume that isokinetic dynamometers provide reliable measures of strength, 
power, and endurance. While some research has proven the reliability of torque measures (1, 6, 
10, 11), little attention has been devoted to the reliability of power and endurance measures. 
 
The development of a computer' interface with the Cybex apparatus has enabled the precise and 
rapid isokinetic measurement of peak torque, angle of occurrence of peak torque, average power, 
total work, torque acceleration energy, and endurance ratio (14). Barbee and Landis (2) assessed 
the reliability of some of these computer obtained measurements and reported coefficients of r = 
.91 to .97 for peak torque, r = .86 to .95 for power, r = .85 to .97 for total work, and r = .13 to .27 
for torque acceleration energy. 
 
The purpose of this investigation was to examine the reliability of peak torque, torque 
acceleration energy, endurance ratio, average power, and total work measures obtained with a 
Cybex isokinetic dynamometer interfaced with a Cybex Data Reduction Computer. 
 
METHODOLOGY 
Fifteen male college students participated as subjects in the study (mean age = 20.53 yrs, weight 
= 73.56 kg, height = 177.30 cm). Each subject received information regarding the testing 
protocol and was informed of the comparitively low risk of isokinetic testing. The subjects were 
given a detailed description of the study, and then asked to sign a form giving their voluntary 
consent to participate. Each subject was medically screened for previous injury to the knee or 
shoulder, and only individuals who were free of clinically significant injuries were allowed to 
participate. 
 
Each subject underwent isokinetic testing for the right and left knee flexor and extensor, shoulder 
flexor and extensor, and shoulder internal and external rotator muscle groups during one testing 
session. The order of testing for muscle groups was selected in a random order and the order of 
the side tested was randomized for each subject in a counter-balanced order. Subjects were tested 
at 60°/s and at 180°/s. The slow speed was tested first in all instances to replicate protocols 
typically followed in the clinical setting. Test reliability was determined by repeating the 
complete test protocol one week following initial testing. The testing order of muscle group and 
side of the body during the repeat evaluation was identical to the initial test of each subject. 
 
Peak torque measures were obtained during a five maximal repetition test at 60°/s and during a 
25 maximal repetition endurance test at 180°/s. Torque acceleration energy, endurance ratio, 
average power, and total work measures were obtained during the 25 maximal repetition 
endurance test at 180°/s. Test-retest reliability was computed using the Pearson-Product 
correlation technique for the following isokinetic measures: 
 
1) peak torque at 60°/s and 180°/s (i.e., the single highest point in the torque curve) 
2) torque acceleration energy at 180°/s (i.e., the cork performed in the first one-eighth 
second of torque production) 
3) endurance ratio at 180°/s (i.e., the total work done in the last five repetitions compared to 
the total work done in the first five repetitions of twenty-five repetitions) 
4) average power at 180°/s (i.e., the total work divided by actual total contraction time) 
5) total work at 180°/s (i.e., the sum total of area under all the torque curves in the test 
repetitions) 
 
 
 
 
Bilateral strength was measured with a Cybex II Isokinetic Dynamometer equipped with an 
Upper-Body Exercise and Testing Table (U.B.X.T.). The Cybex II dual channel recorder and 
dynamometer were interfaced with the Cybex Data Reduction Computer (C.D.R.C.) for analysis 
of test results. The Cybex II and C.D.R.C. were calibrated prior to the period of testing. 
 
Subjects were stabilized with straps during testing, and the joint's axis of rotation was aligned 
with the input shaft of the dynamometer. To provide gravity correction during knee testing, the 
gravitational moment of the Cybex arm, shank, and the leg (including shoe) was determined by 
the C.D.R.C. (17). The length of Cybex accessories and the position of pads was noted to ensure 
replication during re-testing. The gravity correction obtained during the initial test was entered 
into the C.D.R.C. during the re-test procedure. 
 
Each subject was verbally oriented to the fixed speed, accommodating resistance concept of 
isokinetic testing. After setting the apparatus for the appropriate joint, each subject followed a 
consistent test protocol (8) (Table 1). Verbal encouragement was provided during the test 
procedure to facilitate maximal effort. 
 
RESULTS 
The lowest reliability coefficients in this investigation were observed for the endurance ratio 
measures, and ranged from r = .14 for right shoulder flexion to r = .80 for left shoulder external 
rotation (Table 2). Endurance ratio is a calculation of two total work samples. To determine if a 
difference existed in reliability between the first and the last sample of repetitions, reliability 
coefficients were computed separately for the total work performed in the first sample and in the 
last sample repetitions (Table 3). Reliability coefficients ranged from r = .77 to .91 for the first 
samples and r = .60 to .85 for the last samples. 
 
Higher reliability coefficients were observed for peak torque, torque acceleration energy (TAE), 
average power, and total work. Peak torque reliability coefficients ranged from r = .74 for left 
shoulder internal rotation at 180°/s to r = .95 for left shoulder extension at 60°/s (Table 2). 
Coefficients for TAE ranged from r = .70 for right knee flexion to r = .93 for right shoulder 
extension and left shoulder external rotation (Table 2). The reliability coefficients for average 
power ranged from r = .73 for right shoulder flexion to r = .95 for left knee flexion, and the 
coefficients for total work ranged from r = .72 for left shoulder flexion to r = .96 for right knee 
flexion (Table 2). 
 
Table 4 presents the range of reliability coefficients for each isokinetic measure obtained during 
the knee extension and flexion, shoulder extension and flexion, and shoulder internal and 
external rotation test procedures. The highest reliability coefficients were observed for the knee 
extension and flexion procedure. The highest coefficients obtained during the knee extension and 
flexion test procedure were for average power and total work and ranged from r = .90 to .95 for 
average power and r = .91 to .96 for total work. 
 
DISCUSSION AND CONCLUSION 
Isokinetic muscular strength, power, and endurance capacity are frequently evaluated to 
determine the effectiveness of physical rehabilitation. As such, the importance of establishing the 
reliability of isokinetic measurments is important. This investigation examined the reliability of 
isokinetic measures obtained with a Cybex isokinetic dynamometer interfaced with a Cybex Data 
Reduction Computer. 
 
Results indicated the reliability coefficients for knee extension peak torque at 60°/s and 180°/s 
ranged from r = .84 to .93. These were slightly lower than reported by Johnson and Siegal (6) 
Reliability coefficients for power and total work values obtained at a 180°/s for knee flexion and 
extension ranged from r = .90 to .95. These values were Blighty higher than reported by Barbee 
and Landis (2). TAE reliability for knee extension and flexion at 180°/s was slightly lower than 
reported by Barbee and Landis (2) and ranged from r = .70 to.86. 
 
In general, this investigation found slightly lower reliability coefficients for measures obtained 
during shoulder extension and flexion, and shoulder internal and external rotation than knee 
extension and flexion. This finding may be due to the greater range of motion that is required 
when testing upper as compared to lower extremity isokinetic strength. It seems that the greater 
the range of motion required of the testing procedure, the greater the possibility of variable 
involvement of accessory muscle groups. Individual variation in this methodological error could 
have contributed to the difference in reliability of measurement between the upper and lower 
body. 
 
The lowest reliability coefficients were observed for the endurance ratio measures. 
Unfortunately, no previous data are available for comparison of these findings. It is unclear why 
endurance ratio reliability was low since this measure is actually calculated from two total work 
measures. As previously mentioned, reliability for total work was quite high. Examination of 
Table 3 indicates lower reliability of total work performed in the last sample repetitions in five of 
six measures. This observation would seem to indicate that the breakdown in endurance ratio 
reliability is more related to total work in the last sample rather than first sample repetitions. 
Perhaps the subjects were inclined to reduce their intensity and pace their effort during the 
endurance retest session because of the unpleasant nature of the test. 
 
The findings of the present investigation warrant the following conclusions: 
1) Lowest reliability coefficients were observed for the endurance ratio measure. As such, 
clinicians should view this measure with some degree of skepticism when assessing 
endurance capacity of a muscle group with instrumentation similar to that used in the 
present investigation. 
2) Highest reliability coefficients were observed for the peak torque, torque acceleration 
energy, average power, and total work measures. While some degree of variance exists 
within each isokinetic measure, it appears that clinicians can assume good reliability of 
instrumentation for assessment of peak torque, TAE, average power, and total work. 
3) A comparison of reliability measures for the knee extension/flexion, shoulder extension/ 
flexion, and shoulder internal/external rotation tests reveals generally higher coefficients 
for the knee test. 
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